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Abstract 
Evidences suggested social network in newly developed communities in China has become weaker than old ones. 
One feasible solution of this problem is promoting outdoor activities through environment modification. The 
relationships between environmental factors and outdoor activities are the major concerns of this research. This paper 
developed a basic social-ecological model to explain the mechanism of outdoor activity. An intensive survey was 
carried out to examine how environmental factors affect outdoor activities. Finally 7668 users’ activity data were 
obtained by observation. The result suggested that certain physical environment factors are linked to outdoor 
activities in China.  
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1. Introduction 
Until 1998, most urban residents in China lived in housing provided by the government organizations 
that employed them. Because workers from the same organization usually lived together in a community, 
social interactions were inherently strong. However, residential communities have changed drastically 
since the Chinese government initiated a commodity housing policy in 1998. Different with old 
neighborhoods, most new communities are developed by commercial companies. Although newly 
developed communities have improved physical attributes, such as more sophisticated building and open 
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space designs, social interactions have become weaker due to increased diversity and unfamiliarity with 
neighbors. A famous Chinese research company named Horizon published a report that suggested social 
interactions among neighbors in new communities are not as strong as old ones (Yan, 2010). This problem 
has been widely aware by Chinese citizens. Hence, a serious issue in China is how to rebuild a strong 
social network in new communities. 
A feasible solution is promoting people’s activities through environment modification. There is 
increasing interesting in the role that physical environment plays in promoting activities (Abd-Latif et al., 
2012). Several pathways have been proposed to explain the significance of the physical environment in 
people’s activities (Zhang & Li, 2011). For example, many researchers have argued that walkable 
environment supports certain outdoor activities such as walking, exercising, etc. (Alfonzo, 2005; Frank et 
al., 2006; Shamsuddin, Hassan, & Bilyamin, 2012). Some significant environmental factors related to 
walking have been discussed such as accessibility, safety, comfort, and so on (Alfonzo, 2005). However, 
most of the previous researches focus on certain action. Research which see residents’ activities as a 
whole, and link them with environmental factors through grouping similar activities still remain in the 
early stages. 
In this paper, we analyze outdoor activities from a macro scale. A new way is proposed to categorize 
outdoor activities concerning environment involvement. An operational social-ecological model was 
developed to explain the mechanism of outdoor activity needs that synthesized what is known about the 
relations between environment and activity, and useful instruments such as tools of behavioral mapping, 
and SOPARC (System for observing play and recreation in communities, McKenzie & Cohen, 2006). 
Effects of environmental factors are examined based on the results of an intensive field survey in Tianjin. 
A total of 7668 users’ activity data was obtained by observation. This paper aims to explore the 
relationships between significant environmental factors and outdoor activities, and point a direction for 
improving community social network in China. 
2. Materials 
2.1. Definition of outdoor activities 
Although there is no definition of “activity” that is universally agreed upon by social scientists, several 
researchers defined their activities in terms of research needs. For instance, one of widely concerned 
activities is physical activity. Several researchers emphasized the positive action of physical activity on 
the health problems such as obesity, psychological illness, etc. (Carlier, Delevoye-Turrell, & Dione, 
2014). They defined physical activity from the view of physical intensity, and activities such as social 
activities with low physical intensity have been neglected. Since our ultimate goal is improving 
community social network, the activities determined in this paper should be associated with community 
social life. 
When it comes to community social life, public open space may be mentioned for its positive 
contribution to quality of life (Nasution, & Zahrah, 2012). Then activities occur in community’s public 
open space may be associated with community social life. We use outdoor activities to summarize them. 
1971, Jan Gehl indicated outdoor activities influence the livability of city or residential area in his book 
named Life between Buildings: Using Public Space. It suggested that outdoor activities positively affect 
community social life. Hence outdoor activities are determined as our object of this research, which may 
indicate social network. Although Jan Gehl did not give a clear statement of the definition of outdoor 
activity, he indicated that outdoor activities take place in the exterior environment. Most of the related 
studies do not mention definition of outdoor activities, they may see it as a common sense. In this paper 
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we include physical movements, and sedentary activities with low physical intensity. Outdoor activities 
are defined as following: 
Outdoor activities refer to physical movements including walking, playing, dancing, etc. and any types 
of sedentary activities such as playing cards, sitting, etc. which take place in outdoor spaces. Besides, 
McKenzie and Cohen (2006) developed an instrument of SOPARC and interpreted the activity range and 
modes. They classified the activities according to physical intensity and participants’ purpose. However, 
this kind of classification neglected the involvement of environment. In this paper, we categorize outdoor 
activities by the degree of environment involvement shown in Table 1. The outdoor activities herein 
include three modes: passing-by related codes, strolling related codes, and staying related codes. We 
name the tree categories Pass, Stroll, and Stay respectively. 
Table 1. Categorization of outdoor activities 
2.2. Social-ecological model 
This research is concerned with establishing empirical relationships between behavior and 
environment, where the environment mentioned differs from the meaning of the term environment in 
popular usage. The term environment usually refers to climate, weather, downtown, the suburbs, traffic 
congestion, neighborhoods, industrial districts, lakes, rivers, skyscrapers, pollution, acid rain, and many 
other aspects of the natural and built surroundings (Schoggen, 1968). Our objective is more similar with 
Roger Barker’s ecological environment (1968). Barker’s ecological theories are describable in the 
framework of dynamical systems theory (Port, & Gelder, 1995), and environment-behavior theories 
reached a higher level. Then it is necessary to propose a developed social-ecological model based on 
these precious ideas.Notably Alfonzo (2005) proposed a social-ecological model of walking. He 
explicitly elaborated inner links between walking and environment. This model emphasized the decision 
of walking, which cannot be used in different action studies. Franzini (2010) modified Alfonzo’s model 
for outdoor physical activity. He considered social environment, as well as physical environment play an 
important role in outdoor physical activity. Based on the two models, we developed a social-ecological 
model to explain the environmental factors in the decision to be active outdoors (Fig. 1). 
 
 
Category Environmental involvement Subcategory Examples Symbol 
Passing-by related 
codes 
(Pass) 
Participants are little concern about 
the environmental quality; they use 
the space as a path to the destinations. 
Walking by Walking, running  
Cycling by Cycling 
Driving by Driving 
Strolling related codes 
(Stroll) 
Participants may enjoy then 
environmental quality while strolling 
through the space on foot. 
No pause 
Jogging, walking 
the dog, 
sightseeing etc. 
 
Temporary 
pause 
Short meeting, 
reading notice etc. 
 
Staying related codes 
(Stay) 
Participants do some things or stay 
inside the space, they do the activities 
supported by the environment. 
Sedentary 
activity 
Sitting, standing, 
playing cards etc. 
 
Vigorous 
activity 
Chasing, excising, 
dancing etc. 
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Fig. 1. Basic social-ecological model of outdoor activity 
 Franzini (2010) proposed accessibility, safety, comfort, and pleasurability are the physical 
environmental factors of outdoor physical activity needs. In this paper, significant factors explicitly linked 
to the decision of outdoor activities have been modified in terms of China’s condition. Three physical 
environmental factors are proposed. Some environmental factors became more fundamental than others 
when deciding to be active outdoors in China. At the most fundamental level, there must be accessible 
spaces. Accessibility links to outdoor activity that incorporates elements such as the sidewalk length, 
convenience of approaches (Oloumi, Mahdavinejad, & Namvarrad, 2011). At the next level, the decision 
to be active outdoors may depend on affordance of the space, which reflects land use of the spaces, the 
presence of the facilities. Some literatures suggest that the affordance affects people’s activity unlike 
accessibility (Davison & Lawson, 2006). The concept of the affordance refers to the functionally 
significant properties of the environment (Kytta, 2003). Lack of affordance can be identified as a barrier 
to diversity of outdoor activities. At the last level, outdoor activities may be more likely to occur in 
environments that are comfort which is decided by elements such as microclimate (Nasir, Ahmad, & 
Ahmed, 2013). 
The decision to be active outdoors is decided not only by physical environment but may be moderated 
by the social environment. Many studies suggested that the social capital, satisfaction with 
neighborhoods, and organization program are outstanding factors in social environment (Honold, 
Wippert, & Meer, 2014; Mohit & Azim, 2012; Laurens, 2012). In present paper we focus on the role of 
physical environmental factors, which has the actual sense to urban design. 
3. Methods 
China’s communities changed drastically since 1998. An intensive field survey was carried out in 
China to examine the significance of physical environmental factors determined in those new 
communities. This field survey aims to collect direct first-hand information of outdoor activities, and 
aggregate effective data for analysis. 
3.1. Survey sites 
As one of the first batches of cities implemented the commodity housing policy, Tianjin is chosen as 
the survey site for it has developed many new residential communities. In this survey, our objectives are 
residents’ outdoor activity and physical environment of outdoor space. Hence the communities selected 
Physical environment 
Outdoor activity 
Social environment 
Social capital 
Satisfaction 
Organization 
More fundamental 
Less fundamental 
Accessibility 
Affordance 
Comfort 
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should be markedly different in space organization and outdoor activities, which are the criteria of 
selection. 
First of all, a preliminary survey is conducted for selecting appropriate communities. At the beginning, 
aerial photographs help us to identify the space layout of newly developed communities in the city. 
Generally the road pattern and open space distribution in one community are examined by simplifying the 
site plan into a schematic diagram. Fig. 2 shows one example to identify outdoor space organization of 
communities. 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. An example of diagram of outdoor space organization 
There are two basic aspects of space organization. One is concerning layout of open space: one big 
central dominant space with small scattered spaces around or evenly distributed spaces, the other one is 
concerning traffic patterns: pedestrian paths connecting open spaces are blocked by motorway or not. 
Based on these two aspects, four different types are conceptually assumed (Fig. 3-a). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. (a) Four conceptual types of open space organization; (b) An example of activity & space check form 
Eight candidate communities were selected according to their space organization, and we conducted a 
preliminary field survey on each site to examine outdoor activities. We divided outdoor space of each 
community into many subspaces, and selected several typical subspaces, and recorded their outdoor 
 Walkway       Motorway       Outdoor space 
M
ixed traffic patter                  Separation traffic 
Evenly distributed                        Centralized layout 
 Walkway 
 Motorway 
 Outdoor spaces 
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activities and physical characteristics using the check form as shown in Fig. 3-b. Then we pieced the 
qualitative information together, and formed general image of outdoor activities of each community. The 
similarities among the eight candidate communities were discussed. Eventually, four representative 
communities were selected. 
As a first step of an intensive survey on outdoor space, we divided each community’s open space into 
20–40 subspaces marked by buildings or wide roads. Then a total of 111 subspaces are obtained. A brief 
observation was conducted using the same check forms shown in Fig. 3 to collect outdoor activity and 
physical information of subspaces. Since there were many subspaces similar with each other, they were 
classified into groups of similar characteristics. We then picked up one representative space from each 
group, and 33 subspaces were selected for intensive survey (Fig.4). 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4. Subspaces selected in the four communities 
3.2. Procedure of intensive survey 
The intensive survey involves two aspects: one is investigation of the physical environment, the other 
is observation of residents’ outdoor activity. The data of the physical environment of each subspace is 
recorded on a map using physical environment check sheet as shown in Fig. 5-a. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5. (a) An example of physical environment check sheet; (b) An example of activity observation sheet 
Representative subspaces Excluded subspaces 
JH                                TH XS                                                     FS 
Type                                                                          Type                                          Type                                                                Type 
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Then, activity data are recorded using an activity observation sheet which is synthesized tools of 
behavioral mapping and SOPRAC (Fig. 5-b). The data include the information such as activity types, the 
gender and estimated age of users. Usually one piece of activity observation sheet is used for recording 
activities occurred in 10 minutes. The observation time may be varied up to 20 minutes according to the 
size of subspaces. The observations of every single subspace were carried out 5 days (3 working days + 2 
off days) in the morning and afternoon totally 10 times. 
4. Results 
A total of 7668 users’ activity data were obtained from 330 activity observation sheets (33 subspace x 
10 times). Table 2 shows the details of data. Besides, 33 physical environment sheets were obtained. The 
next step is using these data to analyze the relationships between environmental factors and outdoor 
activities. Firstly we aggregate the activity data and convert them into quantitative data. For one single 
subspace, activity information has been collected 10 times by activity observation sheets. All the 
activities obtained were classified into the three categories namely Pass, Stroll, and Stay. Then they are 
separately tabulated, and the total amount of users can be added up (Fig. 6). 
Table 2. Results of activity observation 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 6. An example of calculation of users for one single subspace 
  N % 
Gender Female 3649 47.6 
 Male 4019 52.4 
Estimated age 0-19 1104 14.4 
 20-59 4242 55.3 
 60+ 2322 30.3 
Category Passing-by related code (Pass) 4632 60.0 
 Walking related code (Stroll) 949 12.4 
 Staying related code (Stay) 2087 27.6 
Total  7668 100 
Date C A O Total 
10.21AM 0 3 0 3 
10.22PM 1 2 5 8 
10.23AM 0 4 1 5 
10.24PM 0 1 0 1 
10.25AM 3 1 0 4 
10.26PM 1 1 0 2 
10.27AM 0 2 1 3 
10.28PM 2 1 0 3 
10.29AM 3 0 2 5 
10.30PM 1 1 2 4 
Total 11 16 11 38 
Pass 
Date C A O Total 
10.21AM 0 1 3 4 
10.22PM 1 2 2 5 
10.23AM 3 2 3 8 
10.24PM 1 1 0 2 
10.25AM 2 0 1 3 
10.26PM 1 1 1 3 
10.27AM 1 3 1 5 
10.28PM 2 5 1 8 
10.29AM 1 4 2 7 
10.30PM 0 1 2 3 
Total 12 20 16 48 
Stroll 
Date C A O Total 
10.21AM 2 1 4 7 
10.22PM 1 2 0 3 
10.23AM 4 2 2 8 
10.24PM 1 0 2 3 
10.25AM 0 0 1 1 
10.26PM 1 1 1 3 
10.27AM 6 3 4 13 
10.28PM 2 5 0 7 
10.29AM 3 2 1 6 
10.30PM 0 1 1 2 
Total 20 17 16 53 
Stay 
10 times records for one single subspace 10.21AM sample 
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In this way, we extracted quantitative activity data for every subspace. Since the total observation time 
was varied from 100 to 200 minutes, we converted number of observed users into estimated number of 
users per hour. Besides, due to population disparities among different communities, we vary the data 
according to community population. Herein we propose an indicator to discuss density of activities that 
may indicate activeness of subspace. It shows users’ ratio in whole population using following formula: 
An=Pn/P 
Where   An: Activeness of subspace N; 
 Pn: Estimated number of users per hour in subspace N; 
P: Community population 
This indicator will be used to analyze the relationships between environmental factors and outdoor 
activity categories at space level. The unit we used is users’ ratio within community in one hour (%/h). 
Table 3 shows the results of calculation. With these data, the three factors of the physical environment, 
which are accessibility, affordance, and comfort, will be discussed. 
Table 3. Results of activeness of subspaces in four selected communities 
4.1. Accessibility 
Accessibility is proposed as the most fundamental level of outdoor activity needs. It links to outdoor 
activity that incorporates elements such as the length of paths on which to approach the spaces. In present 
paper we proposed an accumulative distance as the indicator of accessibility, which added up all the 
shortest distances from every building to target subspace using formula as following: 
Dn=ΣDm-n 
Where   Dn: Accumulative distance of subspace N; 
Dm-n: Shortest distance from building M to subspace N 
JH 
An (%/h) 
TH 
An (%/h) 
FS 
An (%/h) 
XS 
An (%/h) 
Pass Stroll Stay Pass Stroll Stay Pass Stroll Stay Pass Stroll Stay 
J1 4.30  3.87 4.20 T1 1.8 1.29 2.99 F1 9.08 2.6 2.46 X1 1.62 1.18 3.86 
J2 5.68  1.65 0.67 T2 1.36 0.53 0.09 F2 3.92 1.48 0.13 X2 1.61 1.99 2.61 
J3 3.60  1.11 0.26 T3 1.34 0.54 0.24 F3 1.63 1.08 2.27 X3 1.80 0.78 0.63 
J4 9.37  2.46 1.37 T4 7.41 1.25 0.29 F4 3.38 1.29 0.64 X4 1.57 0.98 0.34 
J5 4.37 1.83 0.76     F5 3.44 1.11 0.17 X5 0.89 0.51 0.03 
J6 1.66 0.34 0.42     F6 6.39 2.81 2.42 X6 1.46 0.50 0.11 
J7 8.42 2.29 0.13     F7 4.05 1.35 1.03 X7 0.11 0.04 0.00 
J8 4.28 3.28 0.34     F8 3.14 2.07 0.06 X8 1.24 0.82 0.08 
J9 1.53 0.82 0.05     F9 1.03 0.64 0.36 X9 7.78 2.00 0.50 
        F10 0.94 0.53 0.41 X10 1.79 0.76 0.08 
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Then the relations between accumulative distance and activeness can be discussed. Fig. 7 shows the 
results. 
 
 
 
 
 
 
 
 
 
 
 
Fig. 7. Diagram of relations between accumulative distance and outdoor activities 
Generally we can figure out that Stay may have strong relations with accumulative distance, and the 
accumulative distance may be not so important to Pass and Stroll activities. 
From the right diagram in Fig. 7 we can see that the accumulative distances of subspaces where more 
people stay are relatively shorter than the subspaces where fewer people stay. It is suggested that 
accumulative distance may be negative related with Stay activities. Accessibility may directly influence 
the number of users of Stay activities. Notably, although some subspaces like the spaces represented by 
green dots, have short accumulative distances, the users of Stay activities are very few. These disparities 
with the general tendency may depend on other environmental factors such as affordance. 
4.2. Affordance 
Affordance is the next level after accessibility. Affordance that contains land use and presence of 
facility supposed to be deeper level of outdoor activity needs. Since affordance is proposed to show the 
functional significance of environment to behavior (Gibson, 1982), it refers to what certain functional part 
of space mean to certain activities. Herein we will discuss the significance of the main entrance to Pass 
and Stroll activities, and the area of square to Stay activities.  
Marketta Kytta indicated that affordance refers to the functionally significant properties of the 
environment (2003). Therefore, we will discuss the functional parts of physical environment firstly. There 
are many influential factors, such as area of square, whether there is a main entrance. 
 In Fig. 7 the red dots represent the subspaces that contain main entrances of communities. From the 
left and middle diagrams we can see that the users’ number of Pass and Stroll activities in subspaces with 
main entrances are usually more than other ones’. This phenomenon is brought by high population flow 
of main entrances. It is suggested that main entrance be an important element to Pass and Stroll activities. 
In other words, main entrance may explain users of Pass and Stroll activities to some extent. 
If we see the main entrance as a description of affordance for Pass and Stroll activities, there must be 
many descriptions in the same space for different activities. The rule is whether the description can 
support the activity. For instance, the squares are important to Stay activities for that it provide the stage 
for users in common sense. In this research, we simply separated the subspaces into two groups: the ones 
with squares and without squares. We called the ones without squares as path spaces, and the ones with 
squares as open spaces. In the right diagram of Fig. 7, the green dots represent path spaces. Because the 
path spaces usually have little facilities supported certain Stay activities such as benches which afford 
Pass                                                                          Stroll                                                                         Stay 
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sitting, Stay activities in path spaces are less active than open spaces. In this way, several descriptions 
form affordance of space. The dominant description determines the activity characteristics of space. Lack 
of affordance can be identified as a barrier to diversity of outdoor activity. 
However, even the accessibility of space is quite good, and the affordance is abundant, whether people 
like to stay or do activities there may depend more on another environmental factor that is comfort. 
4.3. Comfort 
To the deeper level, once accessibility, and affordance needs have been met, comfort may be 
considered where people decide to do the activities. For example, J2 is a subspace in a community named 
JH with the main entrance. Pass and Stroll activities frequently occur there. As mentioned before, we 
calculated the estimated users per hour of outdoor activities. Then we visualized the data onto maps. As 
an example, Stroll map of J2 is shown in Fig. 8-a using the straight lines represent the paths. The line 
width shows the number of users (Fig. 8-a). From Fig. 8-a, we can see that users of Stroll activities are 
more on north path than south path. One of considerable reason is the feeling of warm. In our physical 
environment check sheets, the comments about the temperature have been noted. It can be considered that 
people maybe feel cold under the shadow of building on the south path (Fig. 8-b,c). We recorded some 
comments about comfort of environment like J2, Whatever people do, they always like to stay in the 
warmer, cleaner, and greener places. All these factors are related to comfort. Comfort is proposed as a 
deeper level of outdoor activity needs, which reflects the convenience of doing activity, and the condition 
of variable elements such as the microclimate, greenery, etc. It may influence more on the concrete 
locations of outdoor activities. 
 
 
Fig. 8. (a)Stroll flow map (one hour) of J2; (b) Image of North path of J2;  (c) Image of South path of J2 
5. Discussion 
The hierarchy of the factors in the social-ecological model proposed should be verified. Herein we 
used SPSS software to analyze the impact of variables. Since our goal is improving social network 
through outdoor activity, the activities associated with social network should be highlighted. Stay 
activities create chances for residents meeting, and make more important contributions to community’s 
social network, which supported by environment. Therefore, the partial correlation analysis is conducted 
between variables and Stay activity (table 4). This result shows that accessibility and affordance play 
more significant role to Stay activity, which means accessibility and affordance may be more fundamental 
than comfort to community’s social network. 
 
North path 
South path 
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Table 4. The connections between variables selected and Stay activity 
Factor Variables (N=34) Pearson Coefficient Sig. 
Accessibility 
Accumulative distance -0.617** 0.015 
Accessibility of space entrances (ASE) 0.242 0.197 
Traffic interruption (Yes/No) -0.122 0.522 
Visual accessibility of space (VAS) -0.081 0.672 
Affordance 
Area of square 0.579* 0.024 
Main entrance (Yes/No) 0.051 0.789 
Ratio of paving area 0.235 0.211 
Area of obstacles -0.258 0.169 
Comfort 
Shadow condition Not works every time -- 
Comments on cleanness Correlated sometimes -- 
Area of green land -0.108 0.569 
**. Correlation is significant at the 0.01 level. 
*. Correlation is significant at the 0.05 level. 
Dependent variable: Activeness of Stay activity. 
ASE= NЬL/SD ( N: number of space entrances, L: circumference of space, SD: standard deviation of entrances); VAS=Lo/SD ( Lo: 
total length of open edge, SD: standard deviation of open edge). 
6. Conclusion 
On our route to explore the relationships between environmental factors and outdoor activities, firstly 
we had to cope with challenges such as how to deal with different concepts, and how to select survey 
sites. The concepts used in the literature are intangible. For example, “outdoor activity” may be used to 
refer to physical activity, but sometimes sedentary activity with low physical intensity can be also 
included into outdoor activity. We defined outdoor activities concerning social effects, and classified 
outdoor activities in terms of environment involvement, which suggests there are more possibilities of 
exploring relationships between outdoor activities and environment. Besides, the selection of survey sites 
mostly depends on the physical features in many previous researches. This paper considers both physical 
and behavioral features. We collected information of physical environment and activity, and used it as the 
criteria of selection that helps us do more accurate analysis. On our route to do the field survey, we 
developed a social-ecological model to explain the mechanism of outdoor activity needs. The observation 
methods synthesized several tools such as behavioral mapping and SOPARC observation system. Our 
findings indicate that certain physical environment factors are linked to outdoor activities in China. They 
are accessibility, affordance, and comfort. Accessibility is the most fundamental level of outdoor activity 
needs which may influence the number of users; affordance is the next level of needs that may play a role 
on diversity of outdoor activities; comfort is the last level of needs that may influence more on the 
concrete locations of outdoor activities. The results confirmed that it is feasible to promote outdoor 
activities through physical environment design. In the future study, we plan to build a social-ecological 
system to explain the inner links between environment and activity, using qualitative and quantitative 
description. The quantitative description may include numerical activity data, and the qualitative 
description may be summarized into activity maps. It is hopeful to use the results to guide community 
design. 
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